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SUMMARY 



An analytical and experimental investigation was made to 
determine the possibility of predicting the static and rotary 
directional stability derivatives of a flying boat of the con- 
ventional short -afterbody type. Starting with the angle of trim 
obtained from a tank test at a specified load and speed, the ex- 
t-err ?f the wetted areas of forebody and afterbody is computed 
on the basis of available empirical relations available for 
planing processes. It is shown that for a range of pre-hump 
speed the lateral f orces due to the yaw can be obtained by con- 
sideration of the inequality of loading on two sides of the bot- 
tom due to the change of the effective angle s of attack resulting 
from vectorial addition of the angles of deadrise, yaw, and trim. 
It is also shown that this action results in identical position 
of centers of pressure for the vertical and lateral forces. On 
this basis, the static and rotary stability derivatives for yaw- 
ing motion are computed. 

The experimental verification of the method in regards to 
static derivatives was made for three operating speeds at 
of 2.63, 2.1*6, and 2 . 3U . A reasonable agreement of the test and 
analysis data is shown for the two higher speeds, but the agree- 
ment at the lowest speed is uncertain, probably because of the 
lack of necessary data on the configuration of the wake of the 
forebody. Such data are presently available only for of 



3.0 and above 



The work was done at the Graduate School and Experimental 
Towing Tank of Stevens Institute of Technology in partial ful- 
fillment of the requirements for the degree of Master of Science. 



INTRODUCTION 



Locke and Pierson (References 1 and 2) among others point 
to the ever-increasing instances of flying-boat directional in- 
stability in the past years with an increase in operating loads, 

■» 

especially in the pre-hump region. Many investigations on spe- 
cific types of hulls have been carried out in order to determine 
what kind of modifications to the hull will give the best direc- 
tional stability. Extended afterbody and planing-tail hulls 
(Reference 3) have received quite a bit of attention. Besides 
considering the type of hull which will best give the desired di- 
rectional stability, much of the present work has been directed 
toward auxiliary devices which will aid directional control in 
the pre-hump region. Such devices include water-rudders (Refer- 
ence U), reversible-pitch propellers and hydro-flaps (Reference 
5). Hydro-flaps appear as an excellent means of obtaining good 
directional control. From current trends it is entirely possible 
that the problem of directional control in the pre-hump region 
will be neatly by -passed in favor of auxiliary control devices 
and little attention will be paid to the basic hull unless the 
hull should exhibit some extremely radical directional tendencies 
It is the intent of the present work to return to the 
basic hull without any auxiliary control devices and to determine 
what the hull stability will be from data obtained in ordinary 
planing test runs. The inherent directional instability of the 
forebody is due to the excessive wetted length extending forward 



of the C.G. of the forebody (Reference 6). Therefore the after- 
body must supply the necessary stabilizing moment for the entire 
hull to be directionally stable. The contribution to stability 
of the afterbody is extremely difficult to predict because of the 
changes in the wave form in the wake brought about by changes in 
trim and speed of the forebody. The yawing moments due to the 
afterbody directly depend, of course, on this shape of the wake. 
The moments created by the afterbody can be considered to be of 
two types. The first is due to the shape of the afterbody and the 
shape of the wake while the second is of an accidental nature. 

That is, moments of the second type are due to water flowing over 
the curved sides of the afterbody or over various portions of the 
tail cone. Attention is concentrated only on the first type 
since the second type is not amenable to any simple analysis, 
being dealt with in practice by the use of stringers and other 
type of flow-corrective devices. 

There is quite a bit of available information on porpois- 
ing and longitudinal stability, but very little information con- 
cerning directional stability, especially from an analytical 
viewpoint. This is due to the complex nature of the flow exist- 
ing around the afterbody as already suggested. In the early 
stages of the present investigation, it was felt that the range 
of investigation should be limited to the pre-hump region where 
most of the instability of the seaplanes is encountered. In the 
region between hump and getaway, the hull has either sufficient 
inherent directional stability or aerodynamic and thrust control 
sufficient to maintain a straight course. The range of investi- 



gation was also limited to the horizontal plane. That is, heel 
angle, rolling, and pitching velocities were neglected. 

The general problem of the pre-hump region involves noth 
low-speed taxiing as well as pre-hump speeds involved during 
take-off. This report as well as being limited to the pre-hump 
region also excludes low-speed taxiing. This choice has been 
made since during pre-hump speeds used for take-off, the sides 
are essentially dry and most of the weight is supported by dy- 
namic loads on the forebody and afterbody and therefore use can 
be made of available planing theory. In the case of low-speed 
taxiing, it is not possible to use the simpler planing theory, 
since the curved portion of the forebody and sides are wet. Any 
analysis for low-speed taxiing is complicated and involved. 

Using a composite chart of directional stability for a 
conventional short- afterbody hull of well-known design (Reference 
1) , three speed coefficients (2.3U, 2.1|6, and 2.63) were chosen 
for which the directional stability derivatives were to be pre- 
dicted. The static directional stability derivatives in nondi- 
mensicnal form were available for only one of the speeds chosen 
from Reference 7. Moment due to yaw and transverse force due to 
zero angle of yaw (i.e., cn-course motion) were reported in this 
case for the speed coefficient of 2.62. The fundamental problem 
is to find a mathematical analysis which predicts the existence 
of certain forces on the hull, and to show that by the existence 
of these forces the static suability already known must result. 



For the speed coefficient of 2.62, the analysis w ill pro- 
ceed on the following basis. The centers of pressure of both the 
forebody and the afterbody will be determined. The assumption 
is then made that for small deviations from a straight course 
the centers of pressure and the wetted lengths of both the fore- 
body and the afterbody do not change but remain fixed. Since 
the problem has already been confined to speed ranges where the 
sides are not wetted, and therefore since only the bottom areas 
are wetted, it may be concluded that the lateral force produced 
due to an inequality of pressures on the two sides of the hull 
acts at the same point as the vertical force produced by planing 
action. That is, the centers of pressure for lateral loads and 
for vertical loads are coincident. For the case of zero yaw 
angle, the pressures acting on either side of a vee-bottom hull 
have a vertical and horizontal component of which the horizontal 
forces, being equal and opposite, cancel each other. 

When the hull is given some arbitrary small yaw angle, a 
change in the effective angle of trim results which is positive 
for one side of the hull and negative for the other. Therefore 
the lifting force will be increased on one side of the hull bot- 
tom and decreased on the other. The horizontal components of 
these changing lift forces are opposite but no longer equal, and 
a resultant horizontal force will be produced. This type of ana- 
lysis is also applicable to the afterbody but with the additional 
consideration of the change of the water surface in the wake. 



As the hull is placed at some angle of yaw, the afterbody is 
displaced and the wake is no longer symmetrical about it. The 
mean lateral inclination of the water surface in the wake will 
cause the additional inclination of the resultant force, there- 
by producing an additional lateral force. 

The sum of the horizontal forces on the forebody and 
afterbody will indicate the magnitude of transverse force pro- 
duced by a given yaw angle. The horizontal forces multiplied by 
their respective arms, as determined from the centers of pres- 
sure of the vertical planing forces produced, will give the 
magnitude of the yawing moment produced for the same given yaw 
angle. It will be shown that satisfactory agreement with known 
static stability derivatives will be obtained by this method. 

The distances from the centers of pressure of the fore- 
body and afterbody having been determined, certain relations may 
be formalized which make use of these distances and the static 
stability derivatives, in order to obtain the rotary derivatives. 
In this connection, use is made of practices common in the solu- 
tion of aircraft dynamic stability. An angular velocity creates 
a small change in the local yaw angle of the forebody and after- 
body which will in turn produce additional transverse forces. 

The transverse velocities produced by the angular velocity will 
be proportional to the distance the force is located from the 
center of gravity. The change in yaw angle at each center of 
pressure will then be a function of the ratio of the local trans- 
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verse velocity and the incoming velocity. By following these 
principles, the expressions for the rotary derivatives using 
static stability derivatives may be derived as shown in the sec- 
tion on mathematical development. 

Once all the derivatives have been established, the com- 
plete dynamic stability can be determined by resorting to the 
solution of the equations of motion as developed in Appendix I. 
The dynamic stability will be seen to depend on static transverse 
forces, static yawing moments, rotary transverse forces, rotary 
yawing moments, and the hull inertia parameters. The deriva- 
tion in Appendix I is presented only in the interest of the com- 
plete picture of hull stability and no attempt is made for a 
solution of the roots. Suffice to say that positive roots in- 
dicate amplification of the disturbance while negative roots in- 
dicate a decay of the disturbance leading to stability (Reference 
8 ). 



Static stability has been defined as the tendency of a 
disturbance to disappear with time with the center of gravity 
constrained to move in a straight line. Therefore, the tests 



conducted in this investigation produce a measure of static sta- 



bility since the C.G. is constrained. Under such conditions, 



four types of moment vs. yaw curves may result (Reference 9): 
Type of Stability Slope of c>N'/c){3 



positive stability 
neutral 

negative stability 
"hooking" instability 



negative 

very small positive or zero 
posit ive 

curve discontinuous at small 

angles 



Of the types of moment curves possible, the statically 
stable type were obtained for the three cases tested in this in- 
vestigation. However, the lowest speed coefficient used came 
quite close to the beginning of the region of "hooking" insta- 
bility. It is not considered unfortunate that three cases were 
chosen in which the hull used was known to be stable. The pri- 
mary intention of this investigation is to illustrate that the 
analytical method presented has application in the range chosen. 

It has been suggested in other reports (Reference 7) that 
static stability is not a good criterion of dynamic stability. 

In fact, several instances of static instability in model t est- 
ing have been shown by calculation to be dynamically stable. 
Criticism against static stability suggests that it is an arti- 
ficial concept and in effect presupposes a lateral constraint 
which is not present and artificially removes from the free body 
one degree of freedom. In the present work, only the direction- 
al stability is considered, but the reader is reminded that the 
rotary derivatives are also necessary if the maneuvering charac- 
teristics are to be investigated. 

The tank tests in this investigation were conducted in 
Tank No. 1 of the Experimental Towing Tank, Stevens Institute of 
Technology, Hoboken, New Jersey, 

Acknowledgement is made to the personnel of the Experi- 
mental Towing Tank who helped in many ways with the work at all 
stages. Particular gratitude is due Professor B.V. Korvin- 
Kroukovsky for his very valuable help and patient advice. 
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SYMBOLS 



Nondimensional Coefficients 



C A 


Load coefficient 


C^ = A/wb^ 


c v 


Speed coefficient 


Cy = V/ \ZgtT 


C M 


Hydrodynamic trimming moment coefficient 


C M = M/wb U 


N' 


Hydrodynamic yawing moment coefficient 


N' = N/|v 2 b^ 


Y' 


Hydrodynamic transverse force coeffi- 
cient 


Y 1 = Y/|v 2 b 2 


r' 


Dimensionless angular velocity about 
Z-axis 


r ' = rb/V 


C 

r 


Resistance coefficient 


C r = R/|v 2 b 2 


v 


Dimensionless hydrodynamic force coeffi- 
cient at C.P. of forebody 


F l' = V^ 2 


V 


Dimensionless hydrodynamic force coeffi- 
cient at C.P. of afterbody 


V = F 2 /|Y 2 b 2 



2 

C Coefficient of lift (vee planing surface) C T = 2C A /C 

L 3 l 3 7 

C^ Coefficient of lift (flat planing surface) 
o 

C„ Coefficient of friction drag 
r 

X Ratio of mean wetted length to maximum 
beam 

Re Reynolds number 

Forces and Moments 

N Hydrodynamic yawing moment about Z-axis (moments positive 

as per right-hand rule) 

Y Hydrodynamic force along Y-axis (force positive to star- 
board) 

R Hull resistance 

Hydrodynamic transverse force at C.P. of forebody 

F^ Hydrodynamic transverse force at C.P. of afterbody 



